Introduction
K lebsiella pneumoniae is a paramount human Gramnegative bacilli bacterial pathogen that is highly common in communities and hospitals. This pathogen can cause fatal infections in the respiratory tract, urinary tract, gastrointestinal tract, and the bloodstream. 1, 2 Among used antibiotics, carbapenem is deemed the first therapeutic option of the critical infections brought about multi drug-resistant K. pneumoniae. 1, 3, 4 However, recently, there are increasing reports of carbapenem resistance through the isolates of K. pneumoniae in many countries as a consequence of extensive utilization of the carbapenems. 5, 6 Carbapenem resistance in K. pneumoniae is mainly due to production of beta-lactamases that hydrolyze carbapenems (carbapenemases). It has been reported that three major classes of carbapenemases in K. pneumoniae are the source of nosocomial outbreaks including class A serine enzymes (the KPC type); class B metallo-b-lactamases (MBLs) or metal enzymes (the VIM and IMP types); and class D enzymes (the OXA-48 type). 1, [7] [8] [9] Lately, an incoming MBL nominated New Delhi metallob-lactamase-1 (NDM-1) has been recognized from K. pneumoniae (strain 05-506), which was retrieved from a formerly hospitalized Swedish patient in India. 10 NDM-1 has the ability to break down all the b-lactam antibiotics barring aztreonam, which is generally inactivated by other mechanisms including overproduction of the AmpC b-lactamase and/or extended-spectrum b-lactamases, and low protein expression of the outer membrane combined with an active efflux pump. 11, 12 Moreover, the gene encoding for NDM-1, named bla NDM-1 , is located on a transmissible plasmid and its association with other resistant determinants leads to comprehensive drug resistance, which leaves only a few therapeutic choices. 10, 13 Extensive surveys performed in many countries determined NDM-1-producing K. pneumoniae isolates.
other plasmid-mediated b-lactamases, including KPC, IMP, VIM, and OXA-48, among the isolates. Finally, the clonal alliance of the isolates was inspected by enterobacterial repetitive intergenic consensus (ERIC)-PCR.
Materials and Methods

Bacterial isolates
Forty-six unrepeatable carbapenem-resistant K. pneumoniae isolates were involved in the present survey. The isolates were regained from varied clinical samples at El-demerdash hospital, Ain Shams University, Cairo, Egypt between August 2013 and March 2015. The isolation, identification, and storage of the tested isolates were carried out according to the standard microbiological techniques. 15 All the isolates were confirmed as K. pneumonia by PCR detection and sequencing of their 16s rRNA gene as outlined previously. 16 Isolates were stockpiled in Tryptic soy broth containing 20% glycerol at -80°C. The Institutional Ethics Committee has established its consent for this study. Also, the participants have given their informed consent before the study.
Sensitivity testing
Antibiotic sensitivity testing of the isolates was fulfilled against different antibiotic groups including b-lactams (imipenem, meropenem, cefepime, and co-amoxiclav), aminoglycosides (gentamicin, amikacin, and tobramycin), quinolones (levofloxacin and ciprofloxacin), and colistin via the disc diffusion method as formerly outlined.
1,2 Moreover, the minimum inhibitory concentrations of the antibiotics were assessed by the broth dilution method as previously outlined.
1,2 The susceptibility to all antibiotics, except colistin, was elucidated with respect to the standards of Clinical and Laboratory Standards Institute (CLSI) 2013 guidelines. 17 For colistin, the European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoint was used. 18 In these experiments, quality control was established by utilizing the standard strain Escherichia coli ATCC 25922.
Phenotypic inspection of carbapenemases
The phenotypic inspection of the b-lactamases was accomplished by the modified Hodge test (MHT) according to CLSI. 17 In this test b-lactamase production is considered positive when the test isolate allows the growth of a carbapenem-sensitive E. coli ATCC 25922 strain in the presence of a carbapenem disk (imipenem, 10 mg). In this test, positive and negative controls were established by using K. pneumoniae ATCC BAA-1705 and ATCC BAA-1706 strains, respectively.
In addition, the screening of metallo-b-lactamases was established as outlined previously, 19 utilizing the EDTA synergistic test. In this test, two imipenem discs (10 mg), and one comprising anhydrous EDTA (292 mg) (Sigma Chemicals, St. Louis, MO), are placed 25 mm off each other on an inoculated Mueller-Hinton agar plate. By comparing the imipenem-EDTA disc to that of the imipenem disc alone, a rise in the inhibition zone diameter of >4 mm around the former, confirms positivity for metallo-b-lactamase production. In this test, quality control was established by utilizing the standard strain E. coli ATCC 25922.
Moreover, specific detection of KPC enzyme production was estimated by utilizing the boronic acid test as outlined previously. 20 In this test, antibiotic disc (imipenem, meropenem, or cefepime) and an inhibitor of KPC production (400 mg of benzene boronic acid; Sigma-Aldrich, Steinheim, Germany) are used. The tests were established by setting the antibiotics disks with or without boronic acid on an inoculated Mueller-Hinton agar plate. By comparing the antibioticboronic acid disk to that of the antibiotic disc alone, a rise in the diameter of the inhibition zone by ‡5 mm around the former, confirms positivity for KPC enzyme production. In this test, quality control was established by utilizing the standard strain E. coli ATCC 25922.
PCR detection and sequence analysis of the b-lactamases genes Plasmid DNA of each isolate was subjected to PCR detection of the bla NDM-1 gene by using the target specific primer set, NDM-Fm (5¢-GGTTTGGCGATCTGGTTTTC-3¢) and NDM-Rm (5¢-CGGAATGGCTCATCACGATC-3¢). 21 The isolates were also examined for the presence of other plasmid-mediated b-lactamases genes including bla KPC , bla IMP , bla VIM , and bla OXA-48 using the primer sets, KPCFm (5¢-CGTTGACGCCCAATCC-3¢) and KPC-Rm (5¢-AC CGCTGGCAGCTGG-3¢); IMP-Fm (5¢-CATGGTTTGGTG GTTCTTGT-3¢) and IMP-Rm (5¢-ATAATTTGGCGGACT TTGGC-3¢); VIM-Fm (5¢-ATTGGTCTATTTGACCGCG TC-3¢) and VIM-Rm (5¢-TGCTACTCAACGACTGAGCG-3¢); and OXA-Fm (5¢-ATGCGTGTATTAGCCTTATCG GC-3¢) and OXA-Rm (5¢-ACTTCTTTTGTGATGGCTTG GCGCA-3¢), respectively. [22] [23] [24] In addition, genomic or plasmid DNA of each isolate was subjected to PCR detection of the integron structures (Int1, Int2, and Int3) by using the target-specific primer set, Int1-Fm (5¢-ACGAGCGCA AGGTTTCGGT-3¢) and Int1-Rm (5¢-GAAAGGTCTGGTC ATACATG-3¢); Int2-Fm (5¢-GTGCAACGCATTTTGCA GG-3¢) and Int2-Rm (5¢-CAACGGAGTCATGCAGATG-3¢); Int3-Fm (5¢-CATTTGTGTTGTGGACGGC-3¢) and Int3-Rm (5¢-GACAGATACGTGTTTGGCAA-3¢), respectively as outlined previously. 1, 2 In these experiments, PCR reactions without DNA templates were used as negative controls. Moreover, sequencing of purified PCR products of the genes were performed by Macrogen, Inc. (Seoul, South Korea). Sequence similarity search was done through NCBI internet-based BLAST search program.
Enterobacterial repetitive intergenic consensus-PCR
Genomic DNA of each isolate was subjected to ERIC-PCR using the primers ERIC-Fm (5¢-ATGTAAGCTCCT GGGGATTAAC-3¢) and ERIC-Rm (5¢-AAGTAAGTGACT GGGGTGAGCG-3¢) 25, 26 Gel documentation system (Uvitec, Cambridge, United Kingdom) was used to analyze the resulted amplicons using Uvisoft software version 11.9. Schematic dendogram and homology clusters between isolates were designed by Uviband map according to the method of unweighted pair-group, which uses arithmetic averages algorithm (using UPGMA software). Isolates with >85% similarity were considered clonal.
Nucleotide sequence accession number
The full-length sequence of bla NDM-1 gene of one of the positive isolates (43K), acquired from this work, was offered to DDBJ/EMBL/GenBank database and was given the accession number LC107774.
Statistical analysis
To evaluate the significance of difference in the results, each experiment was repeated at least three times, the data were represented as mean -standard deviation, compared by Student's t-test, and the p-values less than 0.05 were considered significantly different. GraphPad Prism-version 5 (GraphPad Software, Inc., La Jolla, CA) was used to perform statistical analysis of the results.
Results
Clinical features and antibiotic sensitivity profiles of the isolates Table 1 depicts the clinical features of the isolates. Clinical samples were compiled from patients hosting different pavilions of El-demerdash hospital including neuro intensive care unit (n = 13) 28%, surgical intensive care unit (n = 17) 37%, and burn intensive care unit (n = 16) 35%. The patients were suffering from various infections including respiratory tract infections (RTIs), urinary tract infections (UTIs), wound infections (WIs), and bacteremia. The isolates were recovered from the collected clinical samples including sputum (n = 21) 45.65% in case of RTIs, urine (n = 18) 39.13% in case of UTIs, pus (n = 4) 8.69% in case of WIs, and blood (n = 3) 6.52% in case of bacteremia. The samples were collected from both men and women in a ratio of 1:1.
The patterns of antibiotic sensitivity of the isolates are presented in Table 1 . All isolates exhibited resistance to imipenem, meropenem, cefepime, and co-amoxiclav. Moreover, 42 isolates (91.30%) were gentamicin resistant, 39 (84.78%) were amikacin and tobramycin resistant, 34 (73.91%) were levofloxacin resistant and 37 (80.43%) were ciprofloxacin resistant. To the contrary, colistin displayed a strong efficacy versus the isolates with a susceptibility rate of 100%.
Determination of carbapenemase content
As shown in Table 2 To confirm the phenotypic outcomes, PCR and sequencing were done to detect the genes encoding for the blactamases. As shown in Table 2 , 10 isolates (21.73%) were found to be positive for bla NDM-1 . From the 10 bla NDM-1 -positive isolates, a majority (6 isolates, 60%) were recovered from sputum, while 3 isolates (30%) were recovered from urine, and only 1 isolate (10%) was recovered from blood.
Furthermore, other types of b-lactamases were inspected, including KPC, IMP, VIM, and OXA-48, where, 36 isolates (78.26%) were positive for bla KPC , 6 isolates (13.04%) were positive for bla IMP , 15 isolates (32.60%) were positive for bla VIM , and 8 isolates (17.39%) were positive for bla . From the distribution of the resistance genes among the isolates, it is clear that all bla NDM-1 -harboring isolates carry other b-lactamases genes. Genetic alliance of the carbapenemase-producing K. pneumoniae isolates As seen in Fig. 1 , ERIC-PCR assessment revealed that the isolates are uncorrelated to each other, except for the isolates 471K and 482K, 505K and 525K, 501K and 553K, and 487K and 492K.
Discussion
The increasing reports on the NDM-1-producing K. pneumoniae are a major concern worldwide. Even though NDM-1 is mostly endemic in India, other surveys have proposed that other countries may act as a pool of the NDM-1 producers.
1,2,4,14 In Egypt, Abdelaziz et al. 27 described the first flare-up of NDM-1-producing K. pneumonia, however, the data on the prevalence of NDM-1-producing K. pneumoniae is still limited. Here, we are reporting the presence of multidrug-resistant NDM-1-producing K. pneumoniae isolates in various clinical samples collected from Eldemerdash hospital, Ain Shams University, Cairo, Egypt. In our hospital, NDM-1-producing K. pneumonia were equally derived from specimens collected from men and women hosting different wards including neuro intensive care unit, surgical intensive care unit, and burn intensive care unit.
According to the CLSI recommendations, 17 the MHT is considered as a phenotypic verificatory test for the inspection of carbapenemase production in K. pneumoniae isolates with decreased inhibition zones for carbapenems in disc diffusion sensitivity testing. Yet, the sensitivity and specificity of this test for the inspection of carbapenemase production is a matter of debate. 1, 28 In this study, although all the isolates are carbapenemases producers, 24 (52.17%) of the isolates presented positivity for the MHT, while, the rest of the isolates, 22 (47.82%) showed negative results. Different studies also reported misleading positive or negative results produced by the MHT in the detection of carbapenemase production among Enterobacteriaceae including K. pneumoniae. 1, [28] [29] [30] To the contrary, the EDTA synergistic test that was done for the inspection of the metallo-blactamase production, including NDM-1, was found to be highly sensitive, where, all metallo-b-lactamase harboring K. pneumoniae (23 isolates) showed positive results. Moreover, boronic acid test was highly sensitive to detect KPC enzyme production, where, all KPC-possessing K. pneumoniae (36 isolates) showed positive results. Therefore, our data recommend the EDTA synergistic test and boronic acid test as simple and sensitive tools for inspection Interpretive breakpoints of antibiotic susceptibility are based on the CLSI criteria, except for colistin for which the EUCAST breakpoints are used.
AK, amikacin; AMC, Co-amoxiclav; CIP, ciprofloxacin; CN, gentamicin; CO, colistin; FEP, cefepime; IPM, imipenem; LEV, levofloxacin; MEM, meropenem; TOB, tobramycin.
BICU, burn intensive care unit; F, female; M, male; MIC, minimum inhibitory concentration; NICU, neuro intensive care unit; R, resistant; RTI, respiratory tract infection; S, sensitive; SICU, surgical intensive care unit; UTI, urinary tract infection; WI, wound infection.
of the metallo-b-lactamase (including NDM-1) and KPCproducing K. pneumoniae isolates, respectively in any microbiology laboratory. These results are in agreement with other reports that highlighted the accuracy of the EDTA synergistic test and boronic acid test to detect the carbapenemases production among Enterobacteriaceae including K. pneumoniae. 1, 20, 28 Carbapenems are believed to be the most appropriate therapy of the critical infections that brought about multidrug-resistant Gram-negative bacteria. Unfortunately, as soon as carbapenem-resistant strains arise, treatment options are no longer available; except for limited examples such as aminglycosides, quinolones, colistin, and tigecycline. 1, 3, 4 Our data showed that the K. pneumoniae isolates, which possessed the bla NDM-1 gene, were much resistant to different categories of b-lactam and non b-lactam antibiotics by disc diffusion sensitivity testing. All the isolates that possessed bla NDM-1 revealed resistance to b-lactam antibiotics involving imipenem, meropenem, cefepime, and co-amoxiclav. On the other hand, all bla NDM-1 -positive isolates were sensitive to colistin, four were sensitive to levofloxacin, three were sensitive to ciprofloxacin, two were 
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sensitive to amikacin, and one was sensitive to gentamicin and tobramycin. These results indicate that colistin is the ultimate therapeutic option for infections caused by multidrugresistant K. pneumonia. Similar patterns of susceptibility to the non b-lactam antibiotics in the NDM-1-producing organisms have been described in other studies. 1, 28, 31, 32 As a high level of resistance was observed to the different categories of the b-lactam antibiotics, we determined other important bla genes in the NDM-1-producing K. pneumoniae isolates using PCR. It was observed that all the isolates possessed one or two additional bla genes including bla KPC , bla IMP , bla VIM , and bla OXA-48 . The frequency of bla KPC , bla IMP , bla VIM , and bla OXA-48 in the NDM-1-producing K. pneumoniae isolates were 80%, 30%, 50%, and 30% respectively. Former surveys also conveyed the presence of other bla genes in the NDM-1-producing K. pneumoniae isolates. 1, 28, 30 The incidence of other bla genes in all the bla NDM-1 -possessing isolates indicates the prevalence of several gene cassettes encoding for these carbapenemase among the isolates. Several gene cassettes encoding multiple carbapenemases have been described in previous studies. 1, [33] [34] [35] In this study, each isolate possessing class 1 integron had no resistance gene cassettes, which indicates that class 1 integron was not the reason behind the prevalence of resistance genes.
ERIC-PCR is currently one of the most powerful tools used for the analysis of clonal alliance. [36] [37] [38] In our study, homology analysis (using ERIC-PCR) indicated that plasmid-mediated carbapenemases, including NDM-1, can be easily spread among the K. pneumoniae isolates. Although, the majority of the isolates were unrelated to each other, they carried two or more carbapenemases. These results suggest that the plasmids encoding for carbapenemases can be easily spread laterally among the K. pneumoniae isolates. These results are in agreement with former reports that clarified the horizontal transfer of plasmids encoding for carbapenemases among enterobacteriaceae including K. pneumoniae. 1, 34, 35 In conclusion, carbapenem resistance among K. pneumoniae has been considered as one of the most significant menaces to the global healthcare, and the prevalence of NDM-1-producing K. pneumoniae has heightened this threat. Here, we report the efflorescence of NDM-1-producing multidrug-resistant K. pneumoniae in Egypt. It has been observed that all the bla NDM-1 -positive isolates were hosting other plasmid-mediated bla genes. The dissemination of such plasmids between different clinically important bacterial species as K. pneumoniae, which accounts for one of the important bacterial pathogens in the hospital environments, may lead to serious public health issues. Therefore, the early detection of the bla NDM-1 -possessing K. pneumoniae isolates with any decreased sensitivity to the carbapenems is indispensable for the choice of the most appropriate antibiotic therapy and the application of efficient infection control measures. The appearance of such resistance patterns may be reduced by the restricted implementation of antimicrobials, especially for carbapenems and cephalosporins.
FIG. 1. ERIC-PCR analysis of Klebsiella pneumoniae
isolates. Gel documentation system Uvitec was used to analyze the resulted bands by Uvisoft software version 11.9. Schematic dendogram and homology clusters between isolates were designed by Uviband map based on the unweighted pair-group method using arithmetic averages algorithm (using UPGMA software). A genetic similarity index scale is shown in the left top side of the dendogram. ERIC, enterobacterial repetitive intergenic consensus.
